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richer in longer chain acids than does the urea method.
Application of the urea procedure to total pilchard fatty alcohols affords a satisfactory stepwise fractionation, resulting in a concentrate rich in C0 and C5|0 unsaturated alcohols with a relatively small proportion of the C18 and C22 chain lengths.
Each of the four procedures investigated would appear to have its respective merits depending upon the nature of the unsaturated concentrate required. Material relatively rich in any desired chain length can be prepared for subsequent isolation of individual acids or alcohols by choice of the appropriate procedure. For convenience in analysis, fractionations involving the acids rather than the alcohols are to be preferred.
Urea fractionation of acid esters was not undertaken, although this has been claimed by Abu Nasr & Holman (1951-2) to result in the removal of material more highly unsaturated than is the case when the free acids are fractionated. The reduced tendency of the esters to associate is offered as an explanation of this behaviour. SUMMARY 1. The urea complex fractionation and lithium soap-acetone techniques have been applied to the segregation of a concentrate of highly unsaturated fatty acids from the body oil of the South African pilchard. For comparison, the alcohols resulting from lithium aluminium hydride reduction of pilchard glycerides have also been fractionated by the urea complex method.
2. A comparison has been made between the unsaturated concentrates prepared by each procedure. The urea complex method affords an excellent stepwise fractionation resulting in a concentrate of high average unsaturation rich in the shorter C16 and C18 chain lengths. The lithium soapacetone procedure affords a concentrate of lower average unsaturation than does the urea method, but the segregate is relatively richer in the longer C20 and C22 chain lengths. Urea fractionation of total pilchard fatty alcohols affords a concentrate of high average unsaturation rich in the C3Ls and C20 chain lengths. .
A large number of the more highly unsaturated acids ofmarine oils have been isolated and character-* Marine Oils Research Fellow. t Assistant in the Fellowship. Biochem. 1954, 57 37 ized, chiefly by the Japanese workers (e.g. Toyama & Tsuchiya, 1935a, b; Tsujimoto, 1906; Toyama & Yamamoto,-1953; Ueno & Iwai, 1934; Ueno & Yonese, 1936) . While such work has been of very great value, the results are nevertheless open to some criticism on the grounds that the more labile components could easily have been modified during the vacuum distillation used for their isolation. The prolonged heating of acids with more than three double bonds per molecule is known to result in isomerization and polymerization reactions (cf. Norris, Rusoff, Miller & Burr, 1941 , 1943 .
For analysis of fatty acid mixtures without isolation of individual components, the well established method of Hilditch has been almost universally employed. With all its merits, this method does nevertheless suffer from a disadvantage in regard to thermal modification of the components, and is moreover only empiric in regard to the assignment of unsaturation between the different chain lengths in the case of marine oil acids.
The present communication represents a new approach to the analysis of marine oils without isolation of individual component acids. The techniques of lithium soap-acetone segregation, molecular distillation, reversed-phase partition chromatography and urea complex fractionation have been employed in successive subdivision of pilchard acid fractions. By suitable application of these techniques it has proved possible to obtain a fraction whose composition could be calculated unambiguously without isolation of an individual component. The procedures employed can reasonably be expected to have caused little or no modification of the original acids. EXPERIMENTAL General methods. The preparation of the total pilchard fatty acids and the concentration of the unsaturated fatty acids were as described in the preceding paper (Silk, Sephton & Hahn, 1954) .
The concentrate of the more highly unsaturated acids prepared using the lithium soap-acetone technique repre- 
Molecular di8tillation of the unsaturated acid concentrate
A three-stage falling-film molecular still, especially designed for the purpose (Sutton, 1953) , was used to separate the unsaturated acid concentrate into six fractions (I-VI) of increasing boiling point and equivalent weight. The distilland was recycled twice with all distilling stages at the same temperature before removal of each fraction, and the temperature of the stages was increased by use of a higher boiling solvent after each successive fraction had been removed.
Results are shown in Table 1 .
Reversed-pha8e partition chromatography of fractions from the molecular distillation process
The six fractions (I-VI) from the molecular distillation process were chromatographed (23 mg. each) on a column 31-5 cm. in height x 1-4 cm. diameter packed with nonwetting kieselguhr supporting liquid paraffin as the stationary phase (cf. Silk & Hahn, 1954a) . Aqueous acetone (60 %, v/v) was used to develop the chromatograms at a flow rate of 35 ml./hr. and a temperature of 100. The curves obtained are shown in Fig. 1 .
Chain length analysis of the siX unsaturated acid fractions (I-VI) from the molecular distillation process Each of the fractions was completely hydrogenated over Pd-BaSO4 catalyst, and the resulting mixture of saturated acids analysed for chain length distribution by reversedphase partition chromatography (Silk & Hahn, 1954a) . Results are given in Table 2 .
I954
Refractive index (n8o) Rever8ed-phase partition chromatography of subfractions Ia-I 8 and residue The subfractions I a-I 8 and the residue obtained by urea complex fractionation of fraction I were subjected to reversed-phase partition chromatography.
The results are illustrated in Fig. 2. 
DISCUSSION
Inspection of the chromatographic curves for fractions I-VI shows that as peaks 1 and 2 on the left-hand side diminish in quantity, so peak 4 on the right-hand side increases, while peak 3 reaches a maximum and then again diminishes. This behaviour is paralleled by the variation in chain length distribution of fractions I-VI (Table 2) , from which it is seen that as the molar percentage of lower boiling C16 acids shows a steady decrease, so the percentage of higher boiling C22 acids shows an increase, while the percentage of C18 + C20 acids reaches a maximum and then decreases. A broad assignment ofchain length to the peaks shown in the chromatographic curves is thus possible. Peaks 1 and 2 may well represent C16 acids, peak 4 C22 acids, peak 3 a mixture of C18 + C2 acids, and peak 5 a complex mixture ofvariable composition probably consisting largely of C22 acid in fraction VI.
Such correlation of chain length with peaks in a chromatographic curve is of no value unless the effect of unsaturation upon the resolution is taken into account. In our experience, the clear separation shown on chromatography of a mixture of oleic and linoleic acids has suggested that acids of the same chain length but different degree of unsaturation should be easily resolvable. The failure to resolve a mixture of palmitic and oleic acids has suggested that where one component has a double bond, and two methylene groups more than the other, resolution is not possible. These findings have recently been confirmed by Savary & Desnuelle (1953) , and in their studies on the countercurrent distribution of fatty acids Ahrens & Craig (1952) have arrived at similar conclusions.
Further subdivision of one of the crude molecular distillates (fraction T) has been achieved by means of urea complex fractionation. Chromatography of the urea segregates (fractions Ia-I 8) shows curves ( Fig. 2 ) in which a well defined variation of the peaks is apparent. Peak A increases throughout the series, while B and C diminish. These fractions are nevertheless still too complex to permit unambiguous calculation of their composition. The non-complex forming residue obtained by urea fractionation offraction I is, on the other hand, a relatively simple mixture of acids whose composition can be calculated without isolation ofindividual components. The chromatographic curve of this unsaturated material shows three peaks (Fig. 2) whose molar percentages are 52-7, 26-6 and 20-6 % respectively. The chain length analysis of this fraction (Table 3) shows that no C22 acid is present.
The molar percentage of C16 acid (79-3 %) suggests that peaks X and Y in the unsaturated curve (Fig. 2) are both C16 acid, since the sum of their molar percentages (52-7 + 26-6) is in agreement with the C16 value determined. Peak Z must therefore represent a mixture of C16 and C20 acids, in the molar proportions of 11-0 and 9-7 respectively (cf. Table 3 ).
In the assignment of unsaturation to the peaks of the residue curve (Fig. 2) , it is reasonable to assume that peak X is a C16 tetraene acid and peak Y a C16 triene, since resolution might be expected between such a pair of acids with the more highly unsaturated member being eluted first. The isolation and characterization of a C16 tetraene acid are reported in the succeeding paper (Silk & Hahn, 1954b) . Peak Z of the residue curve (Fig. 2) is likely to be a mixture of C18 triene and C20 tetraene acids, since these would be expected to give an overlapping peak and yet both be resolvable from C16g tetraene and triene acids.
Assuming therefore that the residue curve (Fig. 2) represents a mixture of 52-7 % C16 tetraene, 26-6 % C16s triene, 11% C18 triene and 9-7 % C20 tetraene, then the average equivalent weight calculated for such a mixture would be 259 and the average number ofdouble bonds per molecule = 3-62. These values are in excellent agreement with the values of 263 and 3-68 experimentally determined (Table 3) , and indeed it is not possible to postulate any other composition for the residue curve such that the theoretically calculated values for equivalent weight and average unsaturation agree with those experimentally observed. Analysis of the residue curve (Fig. 2) indicates that by successive subdivision of pilchard acid fractions it is possible to obtain a mixture of a sufficiently simple nature to permit calculation of its composition without isolation of individual components. Other fractions obtained were still too complex in nature to allow of more than qualitative analysis, but it may be hoped that further subdivision of these mixtures by the techniques voI. 57 suggestedwill result in less-complex fractions amenable to quantitative analysis. The mild procedures employed in fractionation of the acids might be expected not to cause modification of structure during processing. Consideration of the results obtained in this investigation illustrates that the composition of marine oils is of a far greater complexity than hitherto envisaged. SUMMARY 1. A new approach has been suggested for the analysis of total marine oil acids without isolation of individual components.
2. The techniques of lithium soap-acetone segregation, molecular distillation, reversed-phase partition chromatography and urea complex fractionation have been applied in the successive subdivision of pilchard acid fractions. Relatively simple mnixtures of acids have been obtained; the composition of one of which has been calculated without isolation of an individual component.
3. The techniques employed have been such as might be expected to have caused little or no modification of the component acids.
